Topical photodynamic therapy (TPT) is a well-established therapeutic modality in the treatment of non-melanoma skin cancer. It is based on light-activated chemical reaction in the presence of oxygen. In recent years, this therapy has been used in cosmiatric dermatology, and studies on the mechanisms of TPT action in dermal remodeling of the photodamaged skin have been reported. This review addresses procedures with different light sources and photosensitizers, as well as clinical and collateral effects of this therapy in the treatment of photoaging. Keywords: photodynamic therapy, photosensitizer, photoaging, rejuvenation, collagen, dermis 
INTRODUCTION
Aging is a complex and multifactorial process that occurs in all individuals, being influenced by environmental, hormonal, and genetic factors. Photoaging, or extrinsic aging, arises from exposure to environmental factors. UV radiation is one of the main factors involved, being responsible for the increase in matrix metalloproteinase (MMPs) on in vivo human skin. MMPs are enzymes responsible for the degradation of protein in the extracellular matrix (ECM), such as collagen type I and III.
1-2 Photodamaged skin manifests itself clinically by changes in texture and pigmentation, wrinkles, flaccidity, telangiectasia and, in some cases, actinic keratosis lesions, and non-melanoma skin cancer. [1] [2] 3 Photodynamic Therapy (PDT) bases itself in a photochemical reaction that causes the selective destruction of a tumor cell. In order for this reaction to take place, a topical photosensitizer placed on the tissue, a light source and oxygen are needed. The main photosensitizers are aminolevulinic-acid (ALA) and methyl aminolevulinate (MAL). MAL is an esterified derivative of ALA, it is more lipophilic and presents greater selectivity to neoplastic cells. The main light source is the Light Emitting Diode (LED), which emits visible blue or red light. The use of MAL -Red Light is recommended for the treatment of deeper lesions, due to the greater skin penetration that the MAL and the red light have on the skin. [4] [5] [6] [7] [8] PDT with visible light is recommended in the treatment of actinic keratosis (AK), field cancerization and non-melanoma skin cancer (NMSC): Basal Cell Carcinoma (BCC) and Bowen's Disease. [9] [10] [11] [12] [13] [14] [15] [16] [17] Clinical improvement of the photodamaged skin (texture, pigmentation, wrinkles and flaccidity) after the field cancerization treatment has been described as photodynamic rejuvenation. During a long time, only clinical studies sustained the indication of PDT for photoaging treatment. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] It has only been in the last few years that histological and immunohistochemical studies have described the dermal remodeling induced by PDT in the cutaneous rejuvenation. 20, 23, 24 Among off-label indications, photorejuvenation is more often reported in cosmetic dermatology, however it is worth to note that PDT is being adopted as a form of treatment for other neoplasias, infectious and inflammatory diseases. [25] [26] [27] [28] [29] [30] Photoaging Cutaneous alterations of aging derive from two distinct processes that come together. The natural aging process that occurs in all organs, in a similar way, is either intrinsic or chronological. Photoaging, or extrinsic aging, happens due to the overlapping of environmental factors such as exposure to UV radiation, smoke, wind, and chemical agents. UVA and UVB rays are involved in the pathogenesis of skin cancer and photoaging. UV radiation causes genetic and molecular changes in the epidermal cells and increases the levels of enzymes responsible for the modulation of ECM. [1] [2] [3] Histologically, cellular atypia is observed, with loss of keratinocyte polarity and accentuated irregularity in cell size. 1, 2, 3, 5 On the dermis, histological findings include solar elastosis, thickened and disorganized elastic fibers, and thinly squeezed and flattened collagenous fibers, and increased glycosaminoglycans. [1] [2] [3] For photoaging treatment, surgical procedures are commonly associated with topical and / or oral clinical treatments. Among the procedures are chemical peels, lasers and lights, botulinum toxin and fillers. Photodynamic therapy has become an excellent choice for the treatment of photodamaged skin with actinic keratosis, not only for inducing rejuvenation, but also mainly for treating pre-malignant subclinical lesions not visible to the naked eye. 2, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] 41 Photodynamic Therapy In order to perform a topical PDT, a photosensitizing agent, a light source and oxygen are needed. Topical photosensitizers are, in fact, prodrugs, which are transformed into protoporphyrin IX (PpIX) inside the cytoplasm and mitochondria, after penetrating the target cell. The photochemical reaction triggered by PDT leads to cell death through the production of singlet oxygen and other reactive oxygen species (ROS). 1, 2, 4, 5, 6, 7 The main topical photosensitizers are ALA and MAL. In the United States, 20% ALA (Levulan Kerastick ® , DUSA Pharmaceuticals) is presented as a pen containing a solution that is activated at the time of use. It was approved by the FDA in 1999 and associated with blue light for treatment of non-hypertrophic AKs. It is not marketed in Brazil. The time of incubation of ALA in the target tissue ranges from 1 hour to 20 hours, with several protocols described in the literature. Once opened, the product must be fully used and cannot be used in more than one session. 1 MAL is widely marketed in several countries around the world, including Brazil, under the name Metvix ® (Galderma Pharmaceutical Industry, Paris, France), being approved for AK, BCC and Bowen's Disease. For these indications, the incubation time of MAL is 3 hours, with two sessions with a one-week interval for BCC and Bowen's Disease, and only one session for AK. It is presented as a lipophilic cream, and after it has been opened, it can be kept in refrigerator for up to 1 week. In the photorejuvenation treatment protocol, the incubation time can be reduced to 1 or 2 hours, with two to four sessions, and intervals varying between 2 and 4 weeks. 2, 20 Light sources must emit luminous energy in the absorption spectrum of PpIX, which is the target of the treatment. PpIX has maximum light absorption peak at 410 nm, blue light, considered effective because it is very well absorbed by the photosensitizer in the target tissue. On the other hand, this wavelength penetrates superficially, being well indicated for treatment of actinic keratosis, field cancerization. PpIX also absorbs other light lengths, such as red light (630nm), which penetrates more deeply into the skin and is therefore the best choice for the treatment of carcinomas (NMSC). Both are well indicated for treatment of photodamaged skin. 2, 31, 32 Other light sources for the treatment of photoaging include Intense Pulsed Light (IPL) and Lasers (PDL). It is worth to noting that although IPL yields good results in the overall appearance of the skin, including pigmentation and texture, it is less effective than LED for the treatment of actinic keratosis in the long term, and are contraindicated for the treatment of carcinomas.
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Photodynamic Therapy in the Treatment of Photoaging
The effects of light on the skin involve complex mechanisms. Photoaging is mediated by direct absorption of UV radiation and by indirect mechanisms through ROS-mediated photochemical reactions.
2 UV radiation activates AP-1 and NFKappa B transcription factors that regulate genes responsible for the production of enzymes that modulate MEC of the dermis, among them MMP-1, MMP-9, MMP-3 and MMP-10. MMP-1 degrades intact collagen, and MMP-9 cleaves the collagen that was previously cleaved by MMP-1. This degradation sequence is critical for repair of the dermis, since the cleavage of the collagen fractions that have a high molecular weight interrupts the synthesis inhibition of new, type I, collagen. 42, 43, 44 The activation of AP-1 and NF Kappa is also responsible for increased transcription of cytokines such as IL-1 beta, IL-2, IL-6, IL-10, TNF-alpha and TGF-beta. TGF-beta is involved in dermal remodeling not only by stimulating the synthesis of procollagen (types I and III), but also by inhibiting its degrading enzymes.
The inflammatory response that accompanies PDT-mediated tumor destruction, with release of cytokines and growth factors, is of fundamental importance in the dermal remodeling of the photodamaged skin. [45] [46] [47] In vitro study for the quantification of MMPs and the expression of mRNA of collagen, showed increased MMP-1 and 3 and reduced expression of type I collagen in culture of fibroblasts (normal skin and scleroderma) treated with ALA and red light. 48 The result of this study suggests an antisclerotic effect of PDT in the skin. In contrast, Issa et al 23 reported increased MMP-9, without modification of MMP-1 and 3, and increased type I collagen, three and six months after treatment of photodamaged skin with two sessions of PDT (MAL-Red light), respectively. The authors have concluded that the modification of the dermis caused by MMP-9, initially, allowed the modification of the ECM and its relation with the fibroblasts, which consequently produced new collagen, after six months.
Procedure -PDT for Photoaging
To proceed with of the conventional topic PDT in the treatment of the photodamaged skin we can consider the following steps: 1) Cleaning of the area that will be treated with makeup remover, followed by the application of alcoholic chlorhexidine;
2) Soft skin curettage, prior to the application of the photosensitizer, in order to remove the more superficial layers of the AK lesions; 3) Application of the topic photosensitizer in the entire area that will be treated; 4) Occlusive dressing with a plastic film to increase the penetration of the product, followed by aluminum foil to prevent the activation of PpIX by ambient light during the incubation period of the photosensitizer. For photorejuvenation, the need for occlusion is variable in the literature. The dressing and the excess of the medication are removed with saline solution 0.9% and gauze, before exposure to the light source; 5) Exposure to the light source (Figure 1 ). Patients and doctor should wear protective eyewear during lighting session. After each session, patients should be instructed to avoid sun exposure for 48 hours, and to use sunscreen after that period. 2 Patients should be aware of the benefits and limitations of the technique as well as being made aware of the possible side-effects.
PDT application protocols for photoaging treatment vary widely in the literature. The number of sessions varies on average from two to three, ranging from 15 to 30 days in between each. Generally, a thin layer, half a tube, 1g. per face is used in each session. A thicker layer (5mm) should be applied over the AK lesions isolatedly. The incubation time of the photosensitizer varies from one to three hours, and each light source will have an adequate parameter. In the case of an LED, the required amount of light is predetermined by the lamp, which switches off automatically at the end of the treatment. When the incubation time is greater than one hour or when the patient has many AK lesions, the side effects are more evident. These include pain, especially during exposure to the light source, and in the initial 24 hours following the procedure; edema and erythema. Desquamation begins on the third or fourth day, and between the seventh and tenth days the facial skin is fully recovered (Figure 2) . Cold compresses and soothing and healing creams can be used for approximately 7-10 days. Topical corticosteroids are rarely indicated. Dyschromias are rare and, if they occur, usually temporary. Anti-viral prophylaxis should be done in patients with a history of cold sores. Bacterial infection is rare, but sterile pustules are reported after acne treatment.
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Treatment Protocols with Different Light Sources a. PDT with Intense Pulsed Light (IPL)
Ruiz-Rodriguez et al. 40 , evaluated 17 patients with different degrees of photodamage and AKs (38 lesions altogether) treated with two sessions of ALA IPL. The ALA incubation time was 4 hours and the interval between sessions was 1 month. Thirty-three of the 38 AK lesions were healed in the threemonth follow-up period. The technique was well tolerated, and aesthetic results were excellent in all patients.
Several IPL parameters, in regards to the cut-off filter wavelength, pulse duration, pulse interval and energy density, have been used for photorejuvenation with PDT. Many authors have reported significant improvement of photoaged skin (texture, pigmentation, fine wrinkles and AK) with the combination of ALA and IPL, when compared to the use of IPL alone. MAL is also used with IPL to treat photodamaged skin effectively and safely.
Although both photosensitizers are effective for photorejuvenation with IPL, AK healing should be monitored long term. 8, 35, 36, 39 b. PDT with Pulsed Dye Laser (PDL) Alexiades-Armenakas et al. 37 , in a study using PDT-PDL (585nm), evaluated 2,561 AK lesions on the face, scalp and extremities. They reported a cure rate of 99.9% on the 10th day, and 90.1% for lesions on the face, on the fourth month. The lesions at the extremities showed a lower percentage of response. PDT with PDL is considered to be an adequate form of treatment for the vascular component of the photodamaged skin, since this component has a lower response to PDT visible light. 37, 49 c. PDT with Blue Light Even though Blue Light penetrates the skin superficially, many studies confirm the efficacy of PDT with Blue Light in the treatment of aging. These studies report improvement not only with AK lesions, but also in texture and pigmentation of the skin.
Palm et al 31 who treated 18 photoaging patients with photodynamic therapy using MAL Visible Light, and compared the Blue Light with the Red Light, reported that there was no significant difference between the treatments.
The inflammatory reaction after treatment with ALABlue Light is usually more intense than with MAL-Red Light, when the photosensitizers have the same incubation time.
d.PDT with Red Light
Sanclemente et al. 32 studied the histopathological changes after treatment with photodynamic therapy in combination with MAL and Red Light, and reported improvement of collagen and elastic tissues, although not statistically significant.
Ferola et al. 1 demonstrated the overall clinical improvement of the skin with whitening, AK improvement, fine wrinkles and flaccidity after three sessions of photodynamic therapy with ALA (2 hours) and Red Light (20 min) with a fifteen-day interval in between sessions. The histology, due to picrosirius staining, observed an improvement in the organization of the collagen fibers in the dermis.
Issa MCA 1 evaluated the therapeutic response of PDT in the treatment of photodamaged skin in 14 women with and without AKs. Two sessions of MAL-Red Light were performed with a 30-day interval between sessions. Three skin biopsies were performed on the face (pre-treatment, after 3 months and after 6 months). The incubation time of the MAL was of 2 hours under occlusion. 
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The LED used was Aktilite (Photocure, Oslo, Norway) at the dose of 37mJ /cm 2 . Clinical results showed improvement in texture, pigmentation and wrinkles after the first session, with progressive improvement after a 3-month and 6-month followup. At 6 months, it was observed an improvement in the firmness of the skin, with decrease of sagging, becoming more evident (Figures 3 and 4) . The improvement findings were observed for up to a 12-month period. Among the observed side effects there were pain, edema, erythema and desquamation with variable intensity, in most cases of mild to moderate intensity. There were also some cases with greater intensity.
Issa et al. 20 studied the histological and morphometric changes in the patients mentioned above, observing a statistically significant increase in collagen by picrosirius staining three Surg Cosmet Dermatol 2016;8(4 Supl. 1):S10-6. months after treatment. This improvement was maintained after 6 months, when it was noted that, due to orcein staining, elastic fibers also increased, becoming thinner and with better histological organization. Issa et al. 23 also evaluated, through immunohistochemical studies, the substrates involved in dermal remodeling, such as type I and III collagen, ECM-degrading enzymes involved in photoaging, such as MMPs 1, 3, 7, 9, 12 , as well as inhibitors of MMPs such as TIMP 1 and 2. The results found included a statistically significant increase of MMP-9 after 3 months and a statistically significant increase in type I collagen after 6 months.
Le Pillouer-Prost and Cartier, 50 in reviewing of the literature, have observed that PDT has a high level of efficacy, improvement of fine wrinkles, tonus, skin roughness, texture and remodeling of the dermis. The best indication is for the patient who had chronic exposure to the sun and has multiple actinic keratoses.
CONCLUSIONS
The technique called "photodynamic rejuvenation" has been discussed in the literature since 2002. 40 Many authors have described the beneficial clinical effects of this therapy, and studies on the histological and immunohistochemical modifications induced by PDT corroborate the clinical findings in photorejuvenation. 2, 20, 23, 24 The protocols vary in the preparation of the skin, in the incubation time and occlusion of the photosensitizer, in the number and break of sessions, and in the light source and its parameters. Regardless of the protocol used, an overall skin rejuvenation is achieved, with improved texture, pigmentation, wrinkles and sagging, in addition to the cure of actinic keratoses. Patients who have suffered chronic exposure to the sun and have photodamaged skin with actinic keratosis are the most indicated for this therapeutic modality. l
